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Natural Killer CellsPlayan Important Rolein Overall

Human Health

Innate Lymphoid Cells:
A 5-20% of circulating lymphocytes (CD3- CD56+) el s
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Unlike T cells that only have one receptor, NK cells can -

distinguish healthy Cells (self) from Dangerous Cells (non- > P ,b —
N— ntibo umor antigen
self) via 40+ receptors: T — .l

NK Tumor
cell NKGZD‘ NKG2DL cell

A Ability to identify and eliminate i d an g e cetsu s 0 NCRs s .
A Mediate antibody-dependent cellular cytotoxicity ( i ADCC0 )

L—-— Non-self MHC
A Immune regulatory capabilities, mediated by secreted cytokines

Natural Killer ( i N Rallg Can Get Weaker with Aging or Stress NK cell activating receptors and ligands

Weak and/or deficient NKcells have been shown to be correlated with various disease conditions.

NKGEN Liu, S, Galat, V., Galat4, Y.et al. NK cell-based cancer immunotherapy: from basic biology to clinical development. J Hematol Oncol 14, 7 (2021).
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Troculeucel (SNKO1)

Mechanism of Action In
Neurodegenerative Disease




Autoreactive T cells Cause
Neuroinflammation And
Damage

Chronic protein deposition leads to an
autoinflammatory cascade and damage

Removing proteins only addresses one
aspect of the underlying pathology

Activation of Autoreactive CD4+ and
CD8+ T cells *> which migrate to the

brain via CXCR3° is a very common theme
for many neurodegenerative diseases.
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Increased T cell reactivity to
amyloid f} protein in older humans
and patients with Alzheimer disease

Alon Monsonego, Victor Zota, Arnon Karni, Jeffery I. Krieger, Amit Bar-Or, Gal Bitan,
Andrew E. Budson, Reisa Sperling, Dennis J. Selkoe, and Howard L. Weiner

Center for Neurologic Diseases, Harvard Medical School and Brigham and Women’s Hospital, Boston, Massachusetts, USA

Alzheimer disease (AD) is characterized by the progressive deposition of the 42-residue amyloid
protein (AB) in brain regions serving memory and cognition. In animal models of AD, immuniza-
tion with AP results in the clearance of AP deposits from the brain. However, a trial of vaccination
with synthetic human AB1-42 in AD resulted in the development of meningoencephalitis in some
patients. We measured cellular immune responses to AP in middle-aged and elderly healthy subjects
and in patients with AD. A significantly higher proportion of healthy elderly subjects and patients
with AD had strong AB-reactive T cell responses than occurred in middle-aged adults. The immun-
odominant AP epitopes in humans resided in amino acids 16-33. Epitope mapping enabled the
identification of MHC/T cell receptor (TCR) contact residues. The occurrence of intrinsic T cell
reactivity to the self-antigen AB in humans has implications for the design of AB vaccines, may itself
belinked to AD susceptibility and course, and appears to be associated with the aging process.

J. Clin. Invest. 112:415-422 (2003). doi:10.1172/JCI200318104.
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Insights into T-cell dysfunction in Alzheimer's disease
Linbin Dai*?>?® | Yong Shen??

Abstract

T cells, the critical immune cells of the adaptive immune system, are often dysfunc-
tional in Alzheimer's disease (AD) and are involved in AD pathology. Reports highlight
neuroinflammation as a crucial modulator of AD pathogenesis, and aberrant T cells in-
directly contribute to neuroinflammation by secreting proinflammatory mediators via
direct crosstalk with glial cells infiltrating the brain. However, the mechanisms under-
lying T-cell abnormalities in AD appear multifactorial. Risk factors for AD and patho-
logical hallmarks of AD have been tightly linked with immune responses, implying
the potential regulatory effects of these factors on T cells. In this review, we discuss
how the risk factors for AD, particularly Apolipoprotein E (ApoE), AB, a-secretase,
B-secretase, y-secretase, Tau, and neuroinflammation, modulate T-cell activation and
the association between T cells and pathological AD hallmarks. Understanding these
associations is critical to provide a comprehensive view of appropriate therapeutic
strategies for AD.

npj | parkinson’s disease Article
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Differential memory enrichment of
cytotoxic CD4 T cells in Parkinson’s
disease patients reactive to a-synuclein

| Check for updates

Antoine Freuchet'?, Emil Johansson'%?, April Frazier'?, Irene Litvan®, Jennifer G. Goldman®,
Roy N. Alcalay®’, David Sulzer®®?, Cecilia S. Lindestam Arlehamn'#™ & Alessandro Sette**''54

Parkinson’s disease (PD) is a complex neurodegenerative disease with a largely unknown etiology.
Although the loss of dopaminergic neurons in the substantia nigra pars compacta is the pathological
hallmark of PD, neuroinflammation also plays afundamental role in PD pathology. We have previously
reported that PD patients have increased frequencies of T cells reactive to peptides from a-synuclein
(a-syn). However, not all PD participants respond to a-syn. Furthermore, we have previously found that
CD4 T cells from PD participants responding to a-syn (PD_R) are transcriptionally distinct from PD
participants not responding to a-syn (PD_NR). To gain further insight into the pathology of PD_R
participants, we investigated surface protein expression of 11 proteins whose genes had previously
been found to be differentially expressed when comparing PD_R and healthy control participants not
responding to a-syn (HC_NR). We found that Cadherin EGF LAG seven-pass G-type receptor 2
(CELSR2) was expressed on a significantly higher proportion of CD4 effector memory T cells (Tew) in
PD_Rcomparedto HC_NR. Singl Il RNA i lysis of cells expressing or notexpressing
CELSR2 revealed that PD_R participants have elevated frequencies of activated Teyw subsets and an
almost complete loss of cytotoxic Tey cells. Flow cytometry analyses confirmed that Granulysin® CD4
cytotoxic Tem cells are reduced in PD_R. Taken together, these results provide further insight into the:
perturbation of T cell subsets in PD_R, and highlights the need for further investigation into the role of
Granulysin* CD4 cytotoxic Tem in PD pathology.
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a-Synuclein-specific T cell reactivity is associated
with preclinical and early Parkinson’s disease

Cecilia S. Lindestam Arlehamn® !, Rekha Dhanwani', John Pham', Rebecca Kuan', April Frazier!,
Juliana Rezende Dutra?, Elizabeth Phillips® 34, Simon Mallal®#, Mario Roederer®, Karen S. Marder?,
Amy W. Amara(® ©, David G. Standaert®, Jennifer G. Goldman’, Irene Litvan®, Bjoern Peters",
David Sulzer'®"12% g Alessandro Sette!*™

A diagnosis of motor Parkinson’s disease (PD) is preceded by a prolonged premotor phase
with accumulating neuronal damage. Here we examined the temporal relation between a-
synuclein (a-syn) T cell reactivity and PD. A longitudinal case study revealed that elevated a-
syn-specific T cell responses were detected prior to the diagnosis of motor PD, and declined
after. The relationship between T cell reactivity and early PD in two independent cohorts
showed that a-syn-specific T cell responses were highest shortly after diagnosis of motor PD
and then decreased. Additional analysis revealed significant association of a-syn-specific T
cell responses with age and lower levodopa equivalent dose. These results confirm the
presence of a-syn-reactive T cells in PD and show that they are most abundant immediately
after diagnosis of motor PD. These cells may be present years before the diagnosis of motor
PD, suggesting avenues of i igation into PD path is and potential early diagnosis.




CD4+ T cells contribute to neurodegeneration in Lewy body
dementia

David Gate':23", Emma Tapp?3, Olivia Leventhal?3t, Marian Shahid2, Tim J. Nonninger23,
Andrew C. Yang*5, Katharina Strempfl®.7:8, Michael S. Unger®.7, Tobias Fehimann®,
Hamilton Oh23, Divya ChannappaZ, Victor W. Henderson?, Andreas Keller2°, Ludwig
Aigner®7, Douglas R. Galasko'?, Mark M. Davis'1:12, Kathleen L. Poston?, Tony Wyss-
Coray235

"Department of Neurology, Northwestern University, Chicago, lllinois, USA.

2Department of Neurology and Neurological Sciences, Stanford University School of Medicine,
Stanford, California, USA.

Science. 2021 November 12; 374(6569): 868-874.

Amin et al. Translational Psychiatry (2020)10:267
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Neuroinflammation in dementia with Lewy bodies:
a human post-mortem study

Jay Amin@'?, Clive Holmes'?, Robert B. Dorey', Emanuele Tommasino@', Yuri R Casal@', Daisy M. Williams',
Charles Dupuy', James A. R. Nicoll'* and Delphine Boche®'

Iba et al. Journal of Neuroinflammation (2020} 17:214

https://doiorg/10.1186/512974-020-01888-0 Journa| of Neuroinﬂammation

RESEARCH Open Access

Neuroinflammation is associated with @
infiltration of T cells in Lewy body disease
and a-synuclein transgenic models

Wichiyo loa’, Changyoun Kim', Michelle Sallin®, Somin Kwon', Anjali Verma?®, Cassia Overk?, Robert A, Rissmanf,
Ranjan Sen®, Jyoti Misra Sen®” anc Eliezer Masliah'"
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T cell infiltration in both human multiple system atrophy and a novel
mouse model of the disease

Gregory P. Williams' - David J. Marmion? - Aubrey M. Schonhoff' - Asta Jurkuvenaite' - Woong-Jai Won' -
David G. Standaert’ . Jeffrey H. Kordower? - Ashley S. Harms'
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Neuroinflammation in frontotemporal dementia

Fiona Bright, Eryn L. Werry, Carol Dobson-Stone, Olivier Piguet, Lars M. lttner, Glenda M. Halliday, John

R. Hodges, Matthew C. Kiernan, Clement T. Loy, Michael Kassiou & Jillian J. Kril &

Nature Reviews Neurology 15, 540-555 (2019) | Cite this article
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JOURNAL ARTICLE
Autoreactive CD8' T cells in multiple sclerosis: a new
target for therapy?

Manuel A. Friese ™, Lars Fugger

Brain,Volume 128, Issue 8, August 2005, Pages 1747-1763,
https://doi.org/10.1093/brain/awh578
Published: 23 June 2005 Article history v
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Activated CD8" T Cells Cause Long-Term
Neurological Impairment after Traumatic Brain Injury
in Mice
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T cell responses at diagnosis of amyotrophic
lateral sclerosis predict disease progression

Received: 7 December 2021 Solmaz Yazdani®, Christina Seitz"%, Can Cui"%, Aniké Lovik', Lu Pan®2,
Fredrik Piehl ®34, Yudi Pawitan ®2, Ulf Klippe @34, Rayomand Press>?,
Kristin Samuelsson®?, Li Yin? Trung Nghia Vu ®2, Anne-Laure Joly?,
Published online: 08 November 2022 Lisa S. Westerberg ©°, Bjérn Evertsson®*, Caroline Ingre>*©,

John Andersson®'® ' & Fang Fang®'®

Accepted: 27 October 2022
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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease,
involving neuroinflammation and T cell infiltration in the central nervous
system. However, the contribution of T cell responses to the pathology of the
disease is not fully understood. Here we show, by flow cytometric analysis of
blood and cerebrospinal fluid (CSF) samples of a cohort of 89 newly diagnosed
ALS patients in Stockholm, Sweden, that T cell phenotypes at the time of
diagnosis are good predictors of disease outcome. High frequency of
CD4'FOXP3" effector T cells in blood and CSF is associated with poor survival,
whereas high frequency of activated regulatory T (Treg) cells and high ratio
between activated and resting Treg cells in blood are associated with better
survival. Besides survival, phenotypic profiling of T cells could also predict
disease progression rate. Single cell transcriptomics analysis of CSF samples
shows clonally expanded CD4* and CD8' T cells in CSF, with characteristic
gene expression patterns. In summary, T cell responses associate with and
likely contribute to disease progression in ALS, supporting modulation of
adaptive immunity as a viable therapeutic option.

Mutant T Cells That Drive Amyotrophic Lateral
Sclerosis (ALS) Progression May React To a Brain
Antigen

Scientists discovered a possiblyflautoreactive T cell population that forecasts and supports

disease progression.

ENAS |

Cytotoxic CD8* T lymphocytes expressing ALS-causing
SOD1 mutant selectively trigger death of
spinal motoneurons

Emmanuelle Coque®, Céline Salsac?, Gabriel Espinosa-Carrasco®, Béla Varga®, Nicolas Degauque®¢, Marion Cadoux®*,
Roxane Crabé?, Anais Virenque?, Claire Soulard?, Julie K. Fierle, Alexandre Brodovitch", Margot Libralato?,

Attila G. Végh', Stéphanie Venteo®, Frédérique Scamps®, José Boucraut™, David Laplaud®®, Javier Hernandez®,

Gsilla Gergely, Thierry Vincent®*, and Cédric Raoul®’

*The Neuroscience Institute of Montpellier, Inserm UMR1051, University of Montpellier, Saint Eloi Hospital, 34090 Montpellier, France; Blnserm U1183,
Institute for Regenerative Medicine and Biotherapy, University of Montpellier, 34090 Montpellier, France; “Charles Coulomb laboratory, L2C, UMR5221,
University of Montpellier, CNRS, 34095 Montpellier, France; “Centre de Recherche en Transplantation et Immunologie UMR1064, INSERM, Université de Nantes,
44093 Nantes, France; “Institut de Transplantation Urologie Néphrologie (ITUN), University Hospital Centre Nantes, 44093 Nantes, France; 'Ludwig Institute
for Cancer Research, Lausanne University, CH 1015 Lausanne, Switzerland; 9Referral Centre for ALS and Neuromuscular Diseases, La Timone University Hospital,
Aix-Marseille University, 13005 Marseille, France; Pimmunology Laboratory, Assistance Publique-Hépitaux de Marseille, Conception Hospital, 13005 Marseille,
France; 'Institute of Biophysics, Biological Research Centre, Hungarian Academy of Sciences, H 6726 Szeged, Hungary; 'Timone Neuroscience Institute,
Aix-Marseille University, 13005 Marseille, France; and "Department of Immunology, Saint Eloi Hospital, 34295 Montpellier, France
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Autoimmune response to C9orf 72 proteinin
amyotrophiclateral sclerosis

https://doi.org/10.1038/s41586-025-09588-6  Tanner Michaelis', Cecilia S. Lind. Arleh 27, Emil Joh 317 April Frazier',
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James D. Berry*®, Merit Cudkowicz*®, Namita A. Goyal®, Christina Fournier’, Allison Snyder®,
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Open access Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by a

% Check for updates progressive loss of motor neurons. Neuroinflammation is apparentin affected tissues,

includingincreased T cellinfiltration and activation of microglia, particularly in the
spinal cord"?. Autoimmune responses are thought to have akey role in ALS pathology,
and itis hypothesized that T cells contribute to the rapid loss of neurons during
disease progression®*. However, until now there has been no reported target for such
anautoimmune response. Here we show that ALS is associated with recognition of the
C9orf72 antigen, and we map the specific epitopes that are recognized. We show that
these responses are mediated by CD4" T cells that preferentially release IL-5and IL-10,
and that IL-10-mediated T cell responses are significantly greater indonors who have a
longer predicted survival time. Our results reinforce the previous hypothesis that
neuroinflammation has animportantrolein ALS disease progression, possibly because
ofadisrupted balance of inflammatory and counter-inflammatory T cell responses*.
These findings highlight the potential of therapeutic strategies aimed at enhancing
regulatory T cells’, and identify a key target for antigen-specific T cell responses that
could enable precision therapeuticsin ALS.




Autoreactive T cells Cross BBB (Blood Brain Barrier) Via CXCR3 %@é )

R

CXCR3+ T cells migrate to CXCL10positive
,  astrocytes that frequently are associated
,. / y ol with amyloid deposits. 1

CXCR3
expressions

\J
. CXCL9,
CXCL10, ~

and CXCL11
expressions

/ -—

/ CXCR3 has been linked to impaired
& | Y < - microglial function, which can hinder the
clearance of A 1 plaques.

CXCL10promotes neuroinflammation and
neuronal dysfunction.

Due to the ability of CXCL10to mediate
leukocyte influx in a variety of inflammatory
CNS diseases, research has focused on
identifying drugs that block the function of
CXCL10or CXCRS3.

® %  siotecH 1. Xia- Neuroimmunol ., 2000, 108(12), 227- 235.
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The Role of CXCR3 in Neurological Diseases

Ya-Qun Zhou'?, Dai-Qiang Liu'?, Shu-Ping Chen'?, Jia Sun'?, Xue-Rong Zhou’, Cui Xing4‘*,
Da-Wei Ye** and Yu-Ke Tian'?

! Anesthesiology Institute, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, China; *Department of Anesthesiology and Pain Medicine, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China; > Cancer Center, Tongji Hospital, Tongji Medical College, Huaz-
hong University of Science and Technology, Wuhan, China; *Department of Obstetrics & Gynecology, Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

Results: The expression level of CXCR3 in T cells was significantly elevated in several neurologi-
cal diseases, including multiple sclerosis (MS), glioma, Alzheimer’s disease (AD), chronic pain,

human T-lymphotropic virus type 1-associated myelopathy/tropical spastic paraparesis (HAM/TSP)
and bipolar disorder. CXCR3 antagonists showed therapeutic effects in these neurological diseases.

Conclusion: These studies provided hard evidence that CXCR3 plays a vital role in the pathogene-
sis of MS, glioma, AD, chronic pain, HAM/TSP and bipolar disorder. CXCR3 is a crucial molecule
in neuroinflammatory and neurodegenerative diseases. It regulates the activation of infiltrating cells
and resident immune cells. However, the exact functions of CXCR3 in neurological diseases are
inconclusive. Thus, 1t 1s important to understand the topic of chemokines and the scope of their
actrvity in neurological diseases.
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Epigenetic dysregulation in Alzheimer’s disease
peripheral immunity

Abhirami Ramakrishnan,’ Natalie Piehl,’ Brooke Simonton,’ Milan Parikh,' Ziyang Zhang,' Victoria Teregulova,’
Lynn van Olst,’ and David Gate':%*

1The Ken & Ruth Davee Department of Neurology, Northwestern University Feinberg School of Medicine, Chicago, IL, USA
2|ead contact

*Correspondence: dgate@northwestern.edu

https://doi.org/10.1016/j.neuron.2024.01.013

SUMMARY

The peripheral immune system in Alzheimer’s disease (AD) has not been thoroughly studied with modern
sequencing methods. To investigate epigenetic and transcriptional alterations to the AD peripheral immune
system, we used single-cell sequencing strategies, including assay for transposase-accessible chromatin
and RNA sequencing. We reveal a striking amount of open chromatin in peripheral immune cells in AD. In
CD8T cells, we uncover a cis-regulatory DNA element co-accessible with the CXC motif chemokine receptor
3 gene promoter. In monocytes, we identify a novel AD-specific RELA transcription factor binding site
adjacent to an open chromatin region in the nuclear factor kappa B subunit 2 gene. We also demonstrate
apolipoprotein E genotype-dependent epigenetic changes in monocytes. Surprisingly, we also identify differ-
entially accessible chromatin regions in genes associated with sporadic AD risk. Our findings provide
novel insights into the complex relationship between epigenetics and genetic risk factors in AD peripheral
immunity.

Then, Gate examined which genes are more open in these immune cells, meaning more exposed. He discovered that a receptor

— CXCR3 — on the T cells was more exposed. Gate believes CXCR3 functions like an antenna on T cells that allows the cells to

enter the brain. T cells do not normally enter the brain because they can cause inflammation.
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, Progress in Neurobiology
ELSEVIER Volume 235, April 2024, 102587

The multifaceted role of the CXC
chemokines and receptors signaling axes in
ALS pathophysiology

Valentina La Cognata, Giovanna Morello, Maria Guarnaccia, Sebastiano Cavallaro A=

= CXCL10 increased levels were
detected in CSF of sporadic ALS and
in serum of aged SOD1 G93A
transgenic mice
CXCR3 emerged upregulated in ALS
T cells
CXC10 expression levels are
reduced in ALS patients carrying
mutated C90RF72

CXCR3 - CXCL9/10/11
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Troculeucel Has High CXCR3 Expression And Strong Migration Potential to cross the BBB ;*:a-}u
A Migratory Potential toward cerebrospinal fluid (CSF) and plasma from Alzheimer disease (AD) patients via CXCR3. N
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NKGen'’s expansion process increases
CXCR3 expression in SNKOI
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(A) The migration of SNKO1 cells toward control medium (Con) and medium containing CSF from AD patients (AD CSF-1 and AD CSF-2) was measured by trans-well migration assay.

(B) Migratory potential of SNK01 toward the chemokine ligand. The migration of SNKO1 cells toward control medium (Con) and the indicated concentrations of CX3CR and CXCR3 ligands was measured by trans-
well migration assay. Relative migration to average value of control (Media) sample was presented in percentage on graphs.

(K) CXCR3 expression of SNKO01 collected from CSF of patients in AD trial
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While most attention has been placed on Tregs, NK cells have been found to play a big role in
identifying and eliminating autoreactive T cells in autoimmune disease via NKG2D and DNAM

Table 1
Healthy resting Y DNAM-1 Evidences of NK cell involvement in immune-mediated diseases as emerging from experimental models and human diseases.
------ ? CD155/PVR Disease Murine models (NK depletion) Human diseases
|yS|S Peripheral blood Tissue site
\ Rheumatoid Arthritis Protective/promoting Reduced levels, impaired activity Synovial membrane
antigen-activated Spondyloarthritis Nd? Impaired activity Nd
Psoriasis Nd Reduced levels, impaired activity Psoriatic skin lesion
Inflammatory bowel diseases Protective Normal levels, impaired activity Colonic lamina propria
Multiple Sclerosis Diabetes Protective Reduced levels Nd

Systemic lupus erythematosus Protective Reduced levels, impaired activity Nd

& lysis ) ] Anti-phospholipid syndrome Nd Increased levels Nd
-=--» antigen-activated Multiple sclerosis Protective/promoting Reduced levels, impaired activity Nd
Myasthenia Gravis Promoting Reduced levels, impaired activity Nd

2 Nd: not determined.

Schleinitz - Immunology, 131, 451 1458

Gross - Proceedings of the National Academy of
Sciences 113(21):201524924

At time of active autoimmune event, NK cells are found to be reduced in numbers of with impaired activity (low cytotoxicity o r
receptor expression).
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NK Cells Regulate Autoreactive T cells *4 TR

Troculeucel has enhanced NKG2D and DNAM
cells to reduce auto

- 1 expression that helps identify and eliminate autoreactive T
- immune neuroinflammation.

SNKOI1 has high expression of NKG2D and

DNAM-I1
16| CDS6+4 CD56+_NKG2D
1046 98.67 t ¢lcoss] CDS6+_CXCR3
o L {7.15 91.25
|.I 8| 1w 1
DNAM-1/CD226 (24 \ 8| &
- Perforin w%Non o
e LT E—
3 , 0 102 100 10t 10
| NKG2D '
WIC AN WICE S MAEET \¢.CDS6F  CDS6+_DNAM-1
11.16 97.64
K NKG2D Ligands i e
2 | 10
(@) i
o
%4 New:| DNAM-1
1. Rabinovich - J Immunol (2003) 170 (7). 35672~3576. oj:o‘.-sas. 084 g
2. Lu - Immunity. 2007 May ; 26(5): 593-604. HOP—II)’ ! TO’# To.ﬁ"&
3. Nielsen - PLOS ONE 7(2): 31959. =

4. Ardolino - Blood (2011) 117 (18): 4778-4786.
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Activated only in presence of activated T cells, not resting T cells.

Only targets activated T cells while leaving resting T cells alone.
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(A) Cytotoxic activity of SNKO1 against T cells was assessed by flow cytometry. T cells labeled with CTV were activatedtbitfélh)wir without (Media) PMA and ionomycin, and thertricoubated
with SNKOL1 cells at an E:T ratio of 1:1 for 4 hours.

(B) Degranulation activity and cytokine expression of SNKO1 cells against T cells. T cells were activated either with (Bibuo(Media) PMA and ionomycin and then mixed with SNKO1 cells at an
E:T ratio of 1:1. The expression of CD107aori6N i n CD56+ popul ati on was -ars3sheusisceladionlrgspettiteyw cyt ometry after 5
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NK Cells Play a Protective Role in Protein Deposition e

- - . . - . i
NK cells clear a-synuclein and the depletion of NK cells The adaptive immune system restrains Alzheimer's
o o - - - - - -
exacerbates synuclein pathology in a mouse model disease pathogenesis by modulating microglial function
-
Of a-SyI’IUdEInOpathy samuel E. Marsh®®, Edsel M. Abud®®", Anita Lakatos“', Alborz Karimzadeh®?, Stephen T. Yeung“?, Hayk Davtyan®,
Gianna M. Fote®®, Lydia Lau®, Jason G. Weinger®?, Thomas E. Lane®<%#, Matthew A. Inlay™®, Wayne W. Poon®,
Rachael H. Earls®'@, Kelly B. Menees™’, Jaegwon Chung®’, Claire-Anne Gutekunst®, Hyun Joon Lee“?, and Mathew Blurton-Jones®<5
Manuel G. Hazim®, Balazs Rada®, Levi B. Wood™?, and Jae-Kyung Lee®?
#Department of Neurobiology and Behavior, University of California, Irvine, CA 92697; ®Sue and Bill Gross Stem Cell Research Center, University of
Department of Physiology and Pharmacology, College of Veterinary Medicine, University of Georgia, Athens, GA 30602; ®Department of Neurosurgery, California, Irvine, CA 92697; “Institute for Memory Impairments and Neurological Disorders, University of California, Irvine, CA 92697; “Department of
Emory University School of Medicine, Atlanta, GA 30322; “Department of Neurology, University of Mississippi Medical Center, Jackson, MS 39216; “Research Molecular Biology and Biochemistry, University of California, Irvine, CA 92697; and *Department of Molecular Immunolegy, Institute for Molecular
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Significance Significance
Neuroinflammation and activation of innate immunity are path-
ological hallmarks of Alzheimer's disease (AD). In contrast, very
few studies have examined the impact of the adaptive imnmune
system in AD pathogenesis. Here, we find that genetic ablation
of peripheral immune cell populations significantly accelerates
amyloid pathogenesis, worsens neuroinflammation, and alters
microglial activation state. Critically, it appears that loss of IgG-
producing B cells impairs microglial phagocytosis, thereby exac-
erbating amyloid deposition. Conversely, replacement of IgGs via
direct injection or bone marrow transplantation reverses these
effects and reduces Ap pathology. Together, these results high-
light the importance of the adaptive immune system and its in-
teractions with microglia in the pathogenesis of AD.

Parkinson’s disease, Lewy body dementia, and other synuclei-
nopathies are characterized by the accumulation of abnormally
aggregated a-synuclein (a-syn) protein, which is the principal
component of Lewy bodies. Inmunotherapeutic approaches
aimed at halting the propagation of both central and periph-
eral extracellular a-syn aggregates may be a promising thera-
peutic avenue for synucleinopathies. Our study demonstrates
that natural killer (NK) cells act as efficient scavengers of ab-
normal a-syn aggregates without becoming aberrantly acti-
vated. We demonstrate that systemic depletion of NK cells
significantly exacerbates synuclein pathology. Overall, our re-
sults provide strong evidence for a protective role of NK cells in
synuclein-related neurodegenerative diseases.

Knockout/Depletion of NK cells in both models caused rapid acceleration of protein deposition

. 1. Earls RH, Menees KB, Chung J, et al. NK cells clear J-synuclein and the depletion of NK cells exacerbates synuclein pathology in a mouse model of 1 - synucleinopathy.
N KG E N Proc Natl Acad Sci U S A. 2020;117(3):1762 1771. doi:10.1073/pnas.1909110117
.. 5 = 2. Marsh SE, Abud EM, Lakatos A, et al. The adaptive immune system restrains Alzheimer's disease pathogenesis by modulating micr oglial function. Proc Natl Acad Sci U S 17

A. 2016;113(9):E13161325. doi:10.1073/pnas.1525466113



Functi onal Characteri stics of SNKB’%it

Uptake and degradation of aggregated amyloid (Ab) proteins
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(A-E) Intracellularlevelsof A baggregatesn SNKO1andHMC3 cellswereanalyzedby Westernblot analysis (A) SNKO1 cellsweretreatedwith varying concentrationef A baggregate$or 1 hourand
harvested(B) SNKO1 cells were treatedwith 5 uM of A baggregatesndharvestedat 1, 3, 6, 9, and24 hoursafter treatment (C) SNKO1 cells were treatedwith 5 uM A baggregategor 1 hour and
washed3 timeswith PBS ThenSNKO1 cells were incubatedin freshmediumfor up to 48 hoursandharvestedat 1, 3, 6, 24, and48 hoursafter wash (D) HMC3 cells were treatedwith 5 uM of A b
aggregatesor 1, 3, and6 hours N.C: negativecontrol without treatmentwith A baggregatesE) HMC3 cells weretreatedwith 5 uM A baggregatesor 1 hourandwashed3 timeswith PBS Thencells
wereincubatedfurtherin freshmediumfor up to 48 hoursandharvestedat 1, 3, 6, 24, and48 hoursafter wash (F-J) SNKO1 cells wereincubatedwith 5 UM of A baggregatesor 24, 48, and72 hours
andanalyzedor viability (F), cytotoxicity at 72-hour after treatmen{G), degranulatior(H), intracellularexpressiorof IFN-o andTNF-U (1), andsurfaceexpressiorof variousactivatingNK receptorsat
72-houraftertreatmeniJ).
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Uptake and degradation of aggregate@-synuclein proteins iR ey

Fo ¢ G 1o H o o
= Control m a-syn Control . = Control
100t a-syn 40 | ma-syn
z 5
A 93002 B = 5 C ;.= == . s D E o e = %80-\ St
- = e O = e e £ O O = = » o £ = &= = | 30 = -
3523°2 <56 a 25355653  Z5£4563 =5 2555633 2 g | 3
kDa = ] kDa kDa KD - T 3 2 z Tl g wr
170 L - 570 kDa 2 2 '..". fiad s 0 a
130 170 10| el 170 - s 3 s
9% 130 9% 130 " 170 ol E 2 S0 f
70 35 70 95 130 130 | 20 b =
5 70 . 70 95 %
- 56 ‘ 70 . 0 0
43 B e 4 56 s - 24hr  48hr  72hr | 24hr  48hr  72hr
- 43 - - 43 43 '..- 101 51 251 1.25:1 0.63:1 031
35 -
* 35 ’ 28 28 35 35 E-T ratio W/O target W/ target
28 28 |6 28 28 J
Ll ”- R 120
17 17 e 7 v 17 17 m Control  ma-syn
6 Soluble fraction 6 Insoluble fraction 3 mControl  m a-syn + 100
(%)
mﬁ;ﬁ’“"" L ) Epeaea—p— B-a0tn | e s | ot | ——— % 0 b %
] s 80
Z T
T 8 60
g s ©
[=] <
e g = 0
0
W/O target W/ target W/O target W/ target Q,b« & é‘\» o Q0 e C o
5 e & &
& FEEFEs
(A-E) | nt r ac el -byn hggregatésen\S8lIK04 and FIMCQ cells were analyzed by Western blot analysis. (A) SNKOg&celswt r eat ed wi t h v-ayngggreggtesdoo htowantd r at i on

harvested. (B) SNKO1 c el |sgnaggeegates dand lmmesteddat Ovbj 1t 3 6, &nd Biddursbftetreat U ( C) SNKO1 cel | s wsymaggregates mrildaliramdi t h 5
washed 3 times with PBS. Then SNKOL1 cells were incubated in fresh medium for up to 24 hours and harvested at 0.5, &1d324 htiurs after wash. Left panel: soluble fraction with lysis buffer with 1% triton
X-100, Right panel: insoluble fraction with lysis buffer with 1% tritosL>X0 O . (D) HMC3 cells wesymagtgr eagtag ke swiftor 5 Q@q/dmlI3 dfoul s . N.-sgn : neg:
aggregates. (E) HMC3 c el l-syn aggegaes forrldaut anddwashédt3 imes with BR'S nThen oeflnadehated further in fresh medium for up to 48 hours and harvested at 1, 3, 6, 24,
and 48 hours afterwash.-F) SNKO1 cel |l s wer e i-syrcagdregates fbr 24y 4a, and 7 hddrg Anch anafgedinbility (F), cytotoxicity at 72hour after treatment (G), degranulation (H),
intracellular expressionof I andU T(NIF) , and surface expr essi onrhouw dftertreament@Jus activating NK receptors at 72
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Therapeutic Mechanism - of- Action: ay
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Reduce AD Pathogenesis via Anti - Neuroinflammation and Protein Reduction

Abnormal protein and Neuroinflammation
. g
plaque accumulation and BBB leakage

Inflammatory T -
cells (CD4+/CD8+)

"7 | = Activated microglia
¥ ¢ Inflammatory O/ st )
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= astrocytes

Troculeucel
CD56 Pright CD16*

Tau neurofibrillary

| X tangle Brain vasculature
| |
A Can enter brainvia CXCR3 and leaky BBB l
Neuron degeneration
A Secretes anti - inflammatory cytokines and loss

A Kills auto -inflammatory T - cells via. NKG2D and
DNAM - 1

A Internalizes protein aggregates
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1-3. Product Testing of Cryopreserved Products in Clinical Trial
(from 3 patients in AD trial)

Method Specifications Subject 1 Subject 2 Subject 3
: : Light-yellow cell suspension without cell
Macrographic Observation aggregation or clumping Pass Pass Pass
BacT/Alert No microorganism detected No microorganism detected
Sterility Gram Stalnlngl) No microorganism detected No microorganism detected
USP <71>1) No microorganism detected No microorganism detected

™
Mycoplasma MycoSEQM etﬁggR Assay No mycoplasma contamination No microorganism detected

Flow Cytometry CD3CD56" > 80% 99.8% 99.9% 99.4%

CD3 < 5.0% 0.0% 0.0% 0.0%
Purity Flow Cytometry CD14 <5.0% 0.0% 0.3% 0.0%
CD20 < 5.0% 0.0% 0.1% 0.0%

: USP <85> Bacterial .
o} : -
Cytotoxicity Assay Calcein AM Cyi e t_ o X ' ¢ It y Eeal st 595/06 a8 |© 93% 88%
Potency ' '

Report Result 98.8%
Cell Surface Marker Flow Cviometr Report Result 97.8%
Expression” y Y - Report Result 100.0%
Report Result 82.2% . .
o Trypan Blue Staining 4 o o o o
Cell Viability Method (EP <2.7.295) O 70% 97.0% 98% 96%
Trypan Blue Staining 7 1.9x107 cells/mL, 2.1x107 cells/mL, 1.9x107 cells/mL,
e Re MR Method (EP <2.7.295) g =200 A0 el 20x10° cellbag ~ 3.2x10°cellbag  2.9x10° cellbag

Y Additional confirmatory tests to assess sterility of the cryopreserved SNKO1final drug product .
2 Results are reported for information only . Specification will be determined based on the accumulated data during Phase land llclinical trials.
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Phase | Data - MX04

Proof - of - concept
Dose Escalation Study:

1 x 10 cells g month x 4
2x10 cells g month x 4
4 x 1@ cells g month x 4

No drug related SAEs observed!




